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Carb F1 0.05 g DSC-18 Sy M fi I A i b BT %5, #F 22 | B B8 F M A =R 4647 PFASs &2l AR E
B SEHLERIT, 35 Bl PFASs A9 NERTE 62%—128%, J57 k2 SR A 0.0314—0.0876 ng-g ™ dw, FrRifEiiZk
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Abstract Insects as common indicator species have been used to monitor the occurrence of per-
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and polyfluoroalkyl substances (PFASs) in the environment. In this study, a method for the detection
of 35 PFASs in insects was established based on QUEChERS pretreatment method combined with
ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). These PFASs
include 9 perfluoroalkyl carboxylic acids (PFCAs), 5 perfluoroalkyl sulfonic acids (PFSAs), 3
fluorotelomer carboxylic acids (FTCAs), 3 fluorotelomer sulfonates (FTSs), 3 polyfluoroalkyl
phosphoric acid diester (diPAPs), 2 chlorinated polyfluorinated ether sulfonic acids (CI-PFESAs), 7
perfluoroalkyl ether carboxylic acids (PFECAS), perfluorooctane sulfonamide (FOSA), perfluoro-4-
ethylcyclohexane sulfonate (PFECHS) and sodium p-perfluorous nonenoxybenzene sulfonate (OBS).
The insect samples were pretreated by ion-pair liquid-liquid extraction, and purified with 0.1g ENVI-
Carb and 0.05 g DSC-18 as adsorbent. The target PFASs were detected by UPLC-MS/MS in the
negative electrospray ionization mode with multiple reaction monitoring, and quantified by internal
standard. The results showed that the recoveries of PFASs ranged from 62% to 128%, and the
method limits of quantitation were 0.0314—0.0876 ng-g™' dw. The standard curves of individual
PFASs have good linear correlation (R* > 0.999). The levels of PFASs in 5 species of insects from 3
orders were determined by the optimized methods. The concentrations of XPFASs in aquatic insects
(42—304 ng-g ' dw) were obviously higher than that in terrestrial insects (4.7—19 ng-g™' dw). Long-
chain PFCAs (PFOA, PFNA, PFDA and PFUnDA) and PFOS were predominated PFASs in aquatic
insects, while emerging PFASs (6:2 FTS, OBS and CI-PFESAs) were dominant in terrestrial insects.
The method established in this study has the advantages of economy, convenience, efficiency,
accuracy and sensitivity, and can be used to monitor legacy and emerging PFASs in different species
of insects.

Keywords PFASs, insect, QuEChERS, UPLC-MS/MS, industrial park.

ML T3 ) (per- and polyfluoroalkyl substances, PFASs) & —2 N T. &AL &Y, BB
Pt R BT 1 L fhaede e v g I B K SR AR ME . 4 9 E R (perfluorooctanoic acid, PFOA ) 14 9 - fif
fi? (perfluorooctane sulfonate, PFOS )/ & LAY (1Y) PFASs, B 12 W FH FIH 2% S Az re A Dolb A pead fg et =2,
T BA B R ANE AW RIS TER ALY 31, PFOS F PFOA K HE e /I A CCTHEA
A LTS G P i T A 5F IR BE N 2 ) 1) 32 FR | 24 BR5). Bifi 5 PFOA Fl PFOS 7E -1 7k I Ik 5 Ik, K
Tl B ARt T & I e A S, 1 an, S A 2 96U SE A 52 ( chlorinated polyfluorinated ether sulfonates,
CI-PFESAs) | Z 5 3R il iR /& IR ( fluorotelomer sulfonic/carboxylic acids, FTSs/FTCAs)™ ., 7S # I &N
5t % 2 2 ( hexafluoropropylene oxide dimer/trimer acid, HFPO-DA/TA) "' Fil 4= 5 T Js %80 Jk 7K 1 iR 44
(sodium p-perfluorous nonenoxybenzene sulfonate, OBS )™ 45, SR [fij, X L6351 Y PFASs 1E 57 F 45 #4 fifk 2%
PEJ5E I 5 PFOA F1 PFOS AH{RL, Kt fiff FH AT - 30 ) A A B J53 m) AE fidt BRE RUS:. HiT E2 AE K A4 L DA
1 1 S AR A T R I 21 L AE A PFASs P2,

B AR R PR 5 G A s PR A, R G WA 5k S AR RTHT B PFASs € 2852 31 BOR B 2 1 DG T
filan, 7k Az B He Canigs e &)y H) B FH T W i £ K R 588 P3R5 7 PRASS (1975 G 7K 03 140 T 0 I
U W R R X $Y PRASs BT %5 704 1), Koch A0 VARS8 IE B SPIAR A) /K A B | (Anise ., e i
S5 )VE R T B AR PFASs MUK AEAE S R G (80 BB b A= 25 R 8. Lan S50 AR5 BUUAR Py RS 21 2 Fh ok
#J PFASs(1ll 6:2 FTS, 6:2 il 8:2 CI-PFESAs), TA gl th al Vi 4% AR 25 R Gt v PFASSs 195 2 XU
MFE N A 1) A RIESE Bt ] A Ay i e Wi el 28 A= 25 R Ge b PEASs B 75 JLRA AR SR, X
B U P9 PFASs 16 7 75 IF AN — B Velesia 551 SR S 08031 i J5 25 - % 2E U@ 2 Oasis HLB Al
Oasis MCX [ #H 2% /AL (SPE) HE AT ¥ 4k B 7 1% b P ES HORE it . Koch 45 PSR J 2 40 1k B /1 B
(NaOH/MeOH) 8 7 A HUFIl Oasis WAX AE 154K 1977125 17 De Solla 251 {7 ] — 7 43+ HIC [#6] AH 2 300K B 5510
( dSPE, Envi-Carb) Xf B UK 47 v k. 53 4h, Lan %2 USH4 PFASs 43 Jhy 1 K B (C>4) 11 # i 4
(C2—C3), K5 PFASs R H B + XF Z£ BUR GCB-Carbon #1 ¥ 4k 11 75 v, 8 % 4 PFASs I J2& R
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NaOH/MeOH # 75 #% HUFN poly-sery PWAX H: 446 1 7 s

FH L F B9 SPE ¥4k 7775, QUEChERS A &g ik 7 ik oA AL . /B 5E . HAspaik
AN DGR A . BRTE S 28 FAY AL (A RSP 2 dh (4R, 45 ) 22
1 PFASs [ PRSI, (H 6 5 UL R ) QuEChERS HifAb # J7 vA 45 B s A4 N PFASs YHRE. 5 H ALz
HAREARNE, B HRFE SRS IORT A b i A b ) EZ T I R 8 U AN RIS IR A 28, 541,
SCHRARGE 9 B ARk & 91 2 LIEGE R PFOA Il PFOS o~ 3, Bt = X 0 PFASs A G, I, AFFE AL
T ZFHi & PFASs 1Y) UPLC-MS/MS {X#5 241, [RIBF b T A [A) 2 BRGAD6 BE HUBE & i PFASs 32 BUSCR
(5, LA S ASTR) dSPE A9 fift FH X R B RE Sl v AR SR A S i), B Wi /8 T — & B HURR A P 35 FL g fn
BT PFASs ARSI 572

1 igﬁ%ﬁﬁj\(]ﬂxperimental section)

L1 A% 500

R 1o O A 47 - 52 1 5 1% 42 ( Agilent Technologies 1290 Infinity-6460 Triple Quad, 3 [& Agilent 2
F] ), i Y R B0 AL (H1850R, 11 ma AN ), 504 i 75 11k $2 U (KQ-600DE, & 1L 738 ), T =AM AX
(EFAA-AC-02, |ifF22i%), 2% MR &1L (EOAA-HM-01, | ifE423i%), 8 I35 3545 1% 2% (ZWYR-240,
R, AR R TR (FD-1C-50, J6 ST BB, Sl 43 B RF- (AU Y220, H A ).

29 TR (PFBA) . 225U IR (PFPeA) . 29 CL 12 (PFHXA) . 4292 (PFHpA) . PFOA. 29 T2
(PFNA) . & %2 (PFDA) . &% —%i /2 (PFUnDA) . 4% T — bk (PFDoDA) . 4 % T ke i ik
(PFBS) . 25U behE R (PFPeS) . 498 C befii B2 (PFHXS) . 4= FR B Li it iR (PFHpS) . PFOS. 4> 9 3 JL it
Pz (FOSA-T) | 4 9-4-( TLI £ 358 R Befifi iR (PFECHS) | 42 9R-3-A 24 I be bk 2 (PFEESA) . 2 %.-3,6-
TSR ZR PR (3,6-OPFHpA ) | 4 9i.-3-F S JE AT 2 (PF40PeA ) . 498 -4-H 3L T R (PFSOHXA ) . 3H-4 (-
3-(3-H AL TN S 3L ) I ik (ADONA) . HFPO-DA, 6:2 Fil 8:2 CI-PFESAs. 6:2, 8:2 1 10:2 FTCAs, 4:2,
6:2 1 8:2 FTSs. £ I8 Wi R —FiK (6:2, 6:2/8:2 Fl 8:2 diPAPs) Al [F] {3 Z 45 i i PFASs( £l §% °C,-
PFBA. “C,-PFHxXA. “C,-PFOA. “Cs-PFNA. "C,-PFDA. "C,-PFUnDA, “C,-PFDoDA. "C;-PFBS. "0,-
PFHxS. "C,-PFOS, "C;-HFPO-DA. "“C,-6:2 FTCA, C,-8:2 FTCA, C,-10:2 FTCA, "“C,-4:2 FTS, "C,-
6:2 FTS. C,-8:2 FTS. C4-6:2 diPAP, ®C,-8:2 diPAP) Il H Jil 5= K Wellington Laboratories( 4fi & K
98%); HFPO-TA g A /i1 K Toronto Research Chemicals(> 95%); OBS 4 B )~ & & 1T AL il F A PR
A (>98%); MeOH( {544 ), £ )i (ACN, A5 ¢ ) Fn H 3L 50T ZL ik (MTBE, (835 2¢ ) ¥l [ 18 =
Merck 23 5 PU T HA7 R & (TBAH, > 98%) , £ R (NHyAc, 9% 4l), Jo/K Bk ik 4 (Na,COs, fI 2
al), kIR S 8 (NaHCO,, 40 4l) Al NaOH(HE gk 4) ¥y 1 g BT i T A= AL BL 4 4 BR A 7. vk $h iR
(HCL, 43 Hr 4l ) W [ v [ B 25 48 A1, 95 Fh 43 80 [ AR #€ B0 B 71 - Supelclean Envi-Carb( 120-400 H ,
100 m*g ") fl Discovery DSC-18(C18, 50 um, 480 m*g ") l4 H 32 & Supelco A H].

1.2 SEE Ak
12,1 B SRAE

2021 4 7 HoRARR) 3 A H I 5 FhE AL, B CRAR 5 S BV AT 40 28 5008, #e AR B mT 43 oK AR B A (i
WE o R A ) R AR B G e | Wl | R R ) e, R ATy A R e RIS A3 U
SEH AR R AT A7y, WS 0 B R A3 WL SRR SR AR I VLV S L T B DX WK R A A
1.2.2 FEahAT AR

JIT A B R S FHAB Sl A Ve 5, FRA TR T8 48 h J5 BIF S UK A<

TBAH/MTBE & X Z£ Bk FREL 0.1 g T3 (dw) R HUB PR T 15 mL R4 (PP, IMA 2 mL
0.25 mol-L™" Bk MR 4 2% A W (pH = 10) F1 1 mL 0.5 mol-L™' TBAH, H- /I A 3 ng WHR(IS), IR G N A
5 mL MTBE, #& 7% (300 r-min™") £ H 20 min. 7£ 4 °C T 12000 r-min", &.0» 5 min, B FE & T T &1
15 mL PP 4. JiL PP & iLA 10 mL MTBE, #1472 K 2B, ¥ FIE WA K ZE 4 mL, FiIA 0.1 g Envi-
Carb 1 0.05 g C18, i€ 1 min LA 12000 r'min”', &0 7 min J5H B, HEWRA X E ST /5, H 70% 1
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MeOH/ZKSE 25 %2 300 uL, LA 15000 r-min™" 2.0 15 min, B F 74 W& B 3ERE I 700

F AL AL I MeOH AU, B ITA 5 mL MeOH 1 IS J5 752 7 42 WG i GREE ), B0 I
W5, A 5 mL MeOH & ZBUFYK; 10 mmol-L™' NaOH/MeOH 2K BU, 654 i A 5 mL A6 BUR I
IS J5 % ¥ $ B 7 GRESE ), B0 B B35 WA 0.05 mL A 2 mol-L™! HCL 8 5 pH, F il A 5 mL
MeOH & I K ; 0.1% HCL/ACN ZEHUAS, FE S A 5 mL ZE R A 1S J& 88 75 2B 20 min, P75 %
PG GRESY ), F ISR 5 AN A 5 mL ACN 42 28 UM V. A8 ML 7 26 B J5 2 i Ak . /0K
FER L BRE TBAH/MTBE &% £ B AH [F].

1.3 AUERorT

FE S 35 Bl PFASs 18 T I 18 20 R e 808 AH €33 - B 3% 156 FH A (UPLC-MS/MS).

% &k (354 4 Agilent Eclipse Plus C18(3.0 mm x 50 mm, 1.8 um); #EiE N 40 °C; #EAEARL
5ul; W K 0.3 mL-min™; JEIAH A S 2 mmol-L™' NH,Ac, i 8 4H B i ACN; YEBE A6 5 0—7 min,
70%—30% A; 7—9 min, 30%—10% A; 9—10 min, 10%—70% A. FEEERT[E] 4 10 min, f5 & £4 85 A 8]
N 2 min.

Jo % 25 A SR FH LI 55 611 25 F- U (BST) R 22 2 W Al (MRM) #8555 25 TR 2 : 300 °C; BN
JE: 3500 V; il HL [ (EMV) : 400 V; T : 6.0 mL-min ', TSR 325 C, F LA HLE: 30 psi.
5 HL1K PFASs [ FTIES400L3 1, 21 Fgi B PFASs /) MRM & LA 1.

F 1 35 7Fh PFASs DI & 19 Tl N5 09 i 250

Table 1 Detailed mass spectrometry parameters of 35 individual PFASs and 19 isotopic internal standards

i ftin MAT TET gy ARV
Acronym Compound name Precursor - Product Fragmentor Collision
Ion (m/z) lon (m/z) Energy

PFBA Perfluorobutanoic acid 212.8 168.8 60 6
PFPeA Perfluoropentanoic acid 262.9 218.8 80 5
PFHxA Perfluorohexanoic acid 3129 268.9 80 5
PFHpA Perfluoroheptanoic acid 362.8 318.9 80 5
PFOA Perfluorooctanoic acid 412.9 368.9 90 5
PFNA Perfluorononanoic acid 462.8 418.9 90 5
PFDA Perfluorodecanoic acid 512.8 468.9 100 5
PFUnDA Perfluoroundecanoic acid 562.9 518.9 80 5
PFDoDA Perfluorododecanoic acid 612.9 568.9 100 10
PFBS Potassium perfluorobutane sulfonate 298.8 79.9 150 45
PFPeS Sodium perfluoropentane sulfonate 348.9 79.9 150 50
PFHxS Sodium perfluorohexane sulfonate 398.8 79.9 150 60
PFHpS Sodium perfluoroheptane sulfonate 448.9 79.9 150 60
PFOS Sodium perfluorooctane sulfonate 498.8 79.9 150 60
FOSA-1 Perfluoro-1-octanesulfonamide 497.8 77.9 150 50
3.6-OPFHpA Perfluoro-3,6-dioxaheptanoic acid 201 84.9 80 10
PF40PeA Perfluoro-4-oxapentanoic acid 228.9 84.9 50 10
PF50HxA Perfluoro-5-oxahexanoic acid 278.9 84.9 50 12
ADONA 3H-perfluoro-3-(3-methoxy-propoxy ) -propanoate acid 376.9 250.6 80 10
PFEESA Perfluoro (2-ethoxyethane) sulfonic acid 314.9 134.7 100 25
HFPO-DA Hexafluoropropylene oxide dimer acid 284.9 168.8 60 5
HFPO-TA Hexafluoropropylene oxide trimer acid 184.7 118.7 80 15
6:2 FTCA 6:2 fluorotelomer carboxylic acid 376.9 292.9 80 10
8:2 FTCA 8:2 fluorotelomer carboxylic acid 476.6 392.9 80 12
10:2 FTCA 10:2 fluorotelomer carboxylic acid 576.6 492.9 90 10
4:2 FTS 4:2 fluorotelomer sulfonate acid 326.9 306.7 150 20
6:2 FTS 6:2 fluorotelomer sulfonate acid 426.9 406.7 180 25
8:2 FTS 8:2 fluorotelomer sulfonate acid 526.9 506.7 200 30
6:2 CI-PFESA 6:2 chlorinated polyfluorinated ether sulfonates 530.9 350.8 150 30

8:2 CI-PFESA 8:2 chlorinated polyfluorinated ether sulfonates 630.9 450.8 150 35
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o BB FEF e i RE/eV
fiFi et # BT gy A
Acromom Compound nam Precursor  Product Fragmentor Collision
cronys ompound name Ton (m/z) Ton (m/z) agmento Energy
OBS Sodium p-perfluorous nonenoxybenzene sulfonate 602.8 171.6 200 50
PFECHS Potassium perfluoro-4-ethylcyclohexanesulfonate 460.8 380.8 150 30
6:2 diPAP Sodium bis(1H,1H,2H,2H-perfluorooctyl) phosphate 788.7 96.7 195 40
. Sodium bis(1H,1H,2H,2H-perfluorooctyl-1H,1H,2H,2H-
6:2/8:2 diPAP 888.7 96.7 200 50
perfluorodecyl) phosphate
8:2 diPAP Sodium bis(1H,1H,2H,2H-perfluorodecyl) phosphate 988.7 96.7 200 50
3C,-PFBA Perfluoro-("*C,)-butanoic acid 216.9 171.9 60 6
13C,-PFHXA Perfluoro-("*C,)-hexanoic acid 314.9 269.9 80 5
13C,-PFOA Perfluoro-("*C,)-octanoic acid 416.8 371.9 90 5
BCs-PFNA Perfluoro-("*Cs)-nonanoic acid 467.9 422.9 90 5
13C,-PFDA Perfluoro-("*C,)-decanoic acid 514.9 469.9 100 5
13C,-PFUnDA Perfluoro-("*C,)-undecanoic acid 564.9 519.9 80 5
13C,-PFDoDA Perfluoro-("*C,)-dodecanoic acid 614.9 569.9 100 10
C;-PFBS Perfluoro-("*C;)- butane sulfonate 301.8 79.9 150 45
1%0,-PFHxS Perfluoro-("*0,)-hexane sulfonic acid 402.9 79.9 150 60
BC4-PFOS Perfluoro-("*C,)-octane sulfonic acid 502.8 79.9 150 60
C;-HFPO-DA Hexafluoropropylene-("*Cy)-dimer acid 286.9 168.8 60 5
13C,-6:2 FTCA 2-Perfluorohexyl-("*C,)-ethanoic acid 378.9 293.6 80 10
C,-8:2 FTCA 2-Perfluorooctyl-("*C,)-ethanoic acid 478.6 393.9 80 12
13C,-10:2 FTCA 2-Perfluorodecyl-("*C,)-ethanoic acid 578.6 493.9 90 10
3C,-4:2 FTS 4:2 fluorotelomer-("*C,)-sulfonate 328.9 80.9 150 20
3C,-6:2 FTS 6:2 fluorotelomer-("C,)-sulfonate 428.9 80.9 180 25
13C,-8:2 FTS 8:2 fluorotelomer-("*C,)-sulfonate 528.9 80.9 200 30
BC4-6:2 diPAP Sodium bis(1H,1H,2H,2H-[1,2-"*C,]perfluorooctyl) phosphate 792.7 445.8 200 40
C,-8:2 diPAP Sodium bis(1H,1H,2H,2H-[1,2-"*C,]perfluorodecyl) phosphate 992.7 545.8 200 50
. PF40PeA = HFPO-TA r PFECHS
6X10° 8x10 20104
o3
8 4103 FEOPFHPA _g 6X10* - % 1.5X10*
§ PF5SOHXA £ . El
g 2 4X10T 5 1.0X10*
< Lot HFPO-DA < 0BS
2X10% - A 0.5%10* j\
0 0 '\
05 1015 2025 1.5 20 2530 35 40 45 30 354045 50 55
t/min t/min t/min
2wxit [ AP 20x10F $2FICA 8x10°F 62 FTS
o3
N § 8 L . 82 FTS
g 15710% é 15510 62 FTCA 10:2 FTCA % 6X10
< g
£ 1.0x10* | PFEESA 2 1.0x10*[ E 4x100F 42 TS
< <
0.5X10* |- 0.5X10* [ 2X10°
0 ) Obe—r—"— 7171 —{—1r—71— - 0
1.5 20 25 3.0 35 1520 25303540455055 1.0 1.5 202530 35 4045 50
t/min t/min t/min
. 6:2 diPAP
£ 62CI-PFESA —- r
2.0%10* 4 3 -
. 20X 10* |- (’X‘Oz 6:2/8:2 diPAP
5] SX10°
2 15%10*F - g g
g 820l PFESAé 15X 104 FOSAL g ax10°F
2 1.0X10*[ '§: 1Lox10* - ‘5 3X10° 8:2 diPAP
n 2X103 [
0.5X10 0.5X10* - 1103
0 — - - ok ; _ 0 FEELS P A S
45 50 5560 6570 6.5 7.0 80 85 55 60 6570 75 80 8590

t/min t/min

1 21 #3i%Y PFASs AR i MRM (435 & (10 ng-mL™)
Fig.1 MRM chromatograms of twenty-one emerging PFASs standards (10 ng-mL™")
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1.4 Zdiadb B
K 3¢ [# Agilent Technologies 2\ 7] MassHunter B.07 #{4F #1743 #1, Origin 8.5 2 {4 #E47/E K
g A L

2 75 545118 (Results and discussion)

2.1 AR R BRI vk PR

K 70% MeOH/7/K %5 W BL il 35 Ff PFASs F1 19 F IS IR A bR, WREVE RN 0.20, 0.50, 1, 2,
5.10. 20, 50, 100 ng-mL". 3 i AR 1% AE fiE, IS WREEH 10 ng-mL . i 4 4k 1) UPLC-MS/MS 71 53
Mror AR BIbR I 42, TRANME BN 2 R, 4538, 35 #i PFASs ¥J7E 0.20—100 ng-mL ™"y [F N £k
P R A, AHOCRB(R) FITE 0.999 L b AL#S A H BR (LOD) Fl 7 v a2 5 PR (LOQ) 433l 3d 2 3 £ F1 10 £
15 e e (SAND A5 21, H bk & 9 /9 LOD Ml LOQ {71 i 43 %1 47 0.0105—0.0329 ng-mL™' Fil
0.0314—0.0988 ng-g " dw , 5B A FR1H 1Y 7 ¥ AH 24>,

F 2 35F PFASs ML e . A REL(RY) | ANZRAG H BR A7 2% 2 PR
Table 2 Linear equation, correlation coefficient (R?), limit of detection (LOD), and limit of quantitation (LOQ,) for
35 target PFASs

8 *{:ﬁ*@ i AL RS gL ) (g g dw)
compound standard equation coefficient LoD LoQ
PFBA “C4-PFBA ¥=0.026676x—0.017817 0.99951 0.0135 0.0405
PFPeA “C4-PFBA ¥=0.015960x—0.004434 0.99979 0.0222 0.0665
PFHxA C,-PFHXA =0.031886x-0.009241 0.99986 0.0199 0.0596
PFHpA "*C,-PFHXA 1=0.034467x—0.009820 0.99989 0.0187 0.0561
PFOA C,4-PFOA =0.034039x—0.016462 0.99972 0.0198 0.0595
PFNA “Cs-PFNA =0.030688x—0.007462 0.99992 0.0198 0.0595
PFDA C,-PFDA $=0.030758x—0.014403 0.99983 0.0176 0.0527
PFUnDA C,-PFUnDA =0.035521x-0.035578 0.99992 0.0184 0.0553
PFDoDA *C,-PFDoDA =0.029815x-0.011676 0.99988 0.0166 0.0498
PFBS 13C;-PFBS 1=0.043224x—0.001482 0.99980 0.0181 0.0542
PFPeS C;-PFBS =0.047911x+0.001343 1.00000 0.0189 0.0567
PFHxS *0,-PFHxS =0.058056x—0.006899 0.99989 0.0204 0.0612
PFHpS *0,-PFHxS $=0.035339x—0.011198 0.99986 0.0105 0.0314
PFOS *C4-PFOS =0.041710x+0.042938 0.99981 0.0204 0.0613
FOSA-I *C4-PFOS »=0.016368x-0.001861 0.99987 0.0292 0.0876
3.6-OPFHpA C4-PFBA 1=0.017046x—0.013055 0.99929 0.0202 0.0606
PF40PeA “C4-PFBA =0.016543x-0.011943 0.99939 0.0188 0.0563
PF5SOHxXA C,-PFHXA »=0.014955x-0.010679 0.99941 0.0192 0.0577
ADONA C4-PFOA y=0.058757x—0.041735 0.99942 0.0190 0.0571
PFEESA C,4-PFOA y=0.047871x—0.042587 0.99901 0.0186 0.0558
HFPO-DA "C3-HFPO-DA =0.007638x-0.006091 0.99913 0.0182 0.0547
HFPO-TA "C;-HFPO-DA 1=0.024974x—0.008596 0.99951 0.0279 0.0836
6:2 FTCA Cy-6:2 FTCA =0.001298x—0.000705 0.99968 0.0310 0.0930
8:2 FTCA C,-8:2 FTCA =0.001433x-0.000481 0.99988 0.0192 0.0576
10:2 FTCA C,-10:2 FTCA $=0.001310x—0.000431 0.99971 0.0177 0.0531

42 FTS PC,-4:2 FTS »=0.028611x—-0.004785 0.99981 0.0176 0.0528
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sk 2

compound standard equation coefficient Lob LoQ
6:2 FTS PCy-6:2 FTS ¥=0.026094x-+0.008380 0.99949 0.0191 0.0573
8:2 FTS PC,-8:2 FTS y=0.017183x+0.003359 0.99921 0.0152 0.0457
6:2 CL-PFESA C4-PFOS ¥=0.175038x-0.086573 0.99973 0.0173 0.0520
8:2 CL-PFESA C,-PFOS ¥=0.140150x—0.055419 0.99988 0.0163 0.0488
OBS 1C4-PFOS y=0.018987x+0.002797 0.99928 0.0129 0.0387
PFECHS C4-PFOS ¥=0.156627x-0.016528 0.99986 0.0196 0.0588
6:2 diPAP 1*Cy-6:2 diPAP ¥=0.007340x-0.003177 0.99975 0.0240 0.0719
6:2/8:2 diPAP  "Cy-6:2 diPAP y=0.012541x-0.000963 0.99912 0.0209 0.0626
8:2 diPAP 1°C4-8:2 diPAP »=0.004813x-0.000242 0.99927 0.0329 0.0988

2.2 FEEETARER TR

A RS S 56 A1 Tk B HEURE S B AT A B D ik, BIAE 25 FURE A RS SRR SRR N 10 ng-mL ! KSR
Hbr PFASs bRl fl, TR0 5 1 8 52 5000 3 Wk, THEAN [R5 3 g s (el .

e Xt PFASs B # BT i ATk, AR 25 A T 4 #J77: (MeOH., 10 mmol-L™' NaOH/MeOH
0.1% HCL/ACN il TBAH/MTBE & %1 2 50 %F H b Ak & 9 BUCR 52 m, W gl 2 frs . 258 %8,
MeOH. 10 mmol-L™' NaOH/MeOH Al 0.1% HCL/ACN # B J7 ¥ Ff PFASs [0] i 5 4 3% h 4% K, Hop
MeOH N 7% —195%, 10 mmol-L"' NaOH/MeOH & 8% —177%, 0.1% HCL/ACN Ky 21% —220%.
MeOH F1 10 mmol-L™' NaOH/MeOH #£ Hi ) PFPeA. PFHxXA. 3.6-OPFHpA. PF40PeA. PF50HxA 440
BE PFASs MR K (7%—26%) , 1] 6:2 diPAP. 6:2/8:2 diPAP, 8:2FTS £l OBS %5 K £ PFASs [H i %
135 (160%—195%). 0.1% HCL/ACN #£ By %, PFBA il 4:2 FTS [ [RISCR 20 51 15 3% 220% F1 215%,
Ifi HFPO-DA. 6:2 FTCA A 8:2 diPAP [ [l AR 31%. 30% F11 21%. TBAH/MTBE & F X} £ By i
X PFASs [R1 25 (1) 5 e AH XT38 /N (53%—155% ) , A2 4:2 FTS F1 OBS 1 [R5 B 155 T 150%, X 7] fig 2
T 3L AR . R AN 6] 7 122 1) LA Y, TBAH/MTBE B 1% £ BT PFASs [R11A 58 114 5 i 5% 45N,
e BEZ 7 B B R HRE 5 T %) PFASs. TBAH/MTBE 555 28 BT 5 et 5 FH T I 464 ) 4 40
a1 PFASs A4 EC7 28 5340, INIEL 2 AT LU Y, 4 FPAE B 553 A7 1% 6:2 CI-PFESA. OBS Fl FTSs %
H bR P i g i, B0 AE FE T T4, 55 i — 25 A0k B S FE i ) QUEChERS ¥4k 75 1.
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Fig.2 Effect of different extraction methods on recoveries of 35 target compounds
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AW 5T FFE K FH B dSPE W2 [ff 57 Envi-Carb 1 C18, H:tp Envi-Carb ¥ i 2= 5t 254, annt
3% 22 RN [ B2 20) C18 U] 3 2 Wi P AR Al e A€ Wy, an =k H ah A LA SR R TR AL A B0 NS S 2 e
(PSA) % F T QuEChERS JEAE W) )44k, ()2 PSA 1k 55 B 55 7 32 46 W B 700 % 2 14 1) PFASs B
—7E B BRI A R R B PSA BRI 0.1 g B2 BB 73 PFASS™, PRI FE AR5 rh ok
i PSA FEWZ BRI, X B HURE SR Uk, A2 HOR & A K AR BT, B D A €8 3R SR 2Ry, ol
C18 5 Envi-Carb ZCRI-AUf, PRI R C18 F1 Envi-Carb S E AL M. A SZ8 HL4E T 0.05 g C18 +
0.05 g Envi-Carb, 0.1 g C18 + 0.05 g Envi-Carb, 0.05 g C18 + 0.1 g Envi-Carb, 0.1 g C18 + 0.1 g Envi-
Carb F1 0.1 g C18 + 0.2 g Envi-Carb X} PFASs [FIICR A2, €] 3 H1, 24 C18 2k 0.05 g B, Envi-Carb Jii &
i3/ PFASs [ISCR fi e (4 AR LA IR T 100% ) 5 24 Envi-Carb 4 0.1 g i), C18 (13
TS 30— 2L B A PFASs MR FEAR. BLAY KDL, 0.05 g C18+0.1 g Envi-Carb A2 A X PFASs H 5 i fix
N, ENSCR VT R E 62%—128%, PRI BESBR 1 4 A X B HURE i AR BUR A T4+ 4L 1165 i QUEChERS 4+
AT IEALRE PRAE [NSCR I BEAT 2R BRI W 0 B 5T AR D5 RN 6 3R S5 T4 I, it B O it ik 4%

ks I EOR
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Fig.3 Effect of different proportions of dispersive SPE on recoveries of 35 target compounds

2.3 R[AIFhZE R B PFASs A finds [RDISR

A 3 AN [ 3 2 1 o S 56 SR R U W) 512 B R R v PFASs IS M, BDFRIC 0.1 g dw 7K A R il
(i &y o) TG A B L CHEL O RE 5, A DG L & =R EE K CE AR 1,10, 00 ng'mL™)
(IR & PFASs FrifE it LA IS(10 ng-mL™") . &N Inds ik B 85 52 i 3 A PATHE i, 20 iRk AR B RN
Fidi 2 B B i PFASs 114 190 050 38 01 A SF s 74 f 22 (relative standard deviation, RSD). 45 5405 3 s, /KB
& BB A B B 35 P PRASSs BY [R50 51 R 70%—126% F1 64%—115%, RSD 43514 1.1%—
20% F1 0.15%—24%, Vi 1% J7 12 B A2 X 52 b B HURE il 9 1 0 A

R 3 KB R durh 35 %0 PFASs B9 IR IR AR O 2 (%)

Table 3 The recoveries and relative standard deviation (%) for 35 target PFASs in aquatic and terrestrial insects

Ak oy 7K A= B L Aquatic insect [ifiH: B2 1 Terrestrial insect
Target compound 1 ng'mL"™ 10 ng'mL™" 100 ng'mL™ 1 ng'mL™" 10 ng'mL™ 100 ng'mL™"
PFBA 1189+23 ¢ 99.3+2.9 98.5+4.2 101.7 + 8.7 87.2+5.0 81.5+0.72
PFPeA 945+1.8 99.6 £5.4 99.0+6.4 87.8+2.7 73.5+4.3 70.3 £3.0

PFHxA 94.0+ 8.5 95.8+4.5 96.1+5.1 97.6+3.4 81.1£1.5 87.1£3.6
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i3
Atk oy 7K 4 B L Aquatic insect fiti 4= BL HH Terrestrial insect
Target compound 1 ng'mL"" 10 ng'mL"" 100 ng'mL™" 1 ng'mL"™ 10 ng'mL™" 100 ng'mL™"
PFHpA 89.5+54 943 +£9.8 101.5+6.5 76.2+7.9 76.4+0.50 95.1+£4.0
PFOA 89.3+5.8 93.1£11 99.4 £6.6 77.4£8.5 752+3.6 99.5+£6.2
PFNA 82.2+3.8 104.8 +3.0 102.9+ 6.5 79.1+£7.8 789 +3.7 101.0 £ 6.0
PFDA 82.7+4.8 117.0 + 8.7 106.2 + 6.2 73.8+£5.8 782 +2.7 98.5+6.1
PFUnDA 85.0+ 5.1 91.3+£2.8 108.8 +4.4 67.8+1.4 70.4£1.3 85.2+5.6
PFDoDA 82.8+34 93.5+7.7 104.8+5.9 81.9+£8.8 95.0£1.2 95.7+4.3
PFBS 1014+ 11 81.4+8.1 101.5+7.6 107.2+ 10 795+12 106.1 £4.3
PFPeS 108.6 £ 3.8 99.8 £8.3 107.6 +7.8 96.4 £ 16 80.9+2.1 106.8 £ 6.1
PFHxS 84.8+7.0 90.0+7.9 86.6 +7.0 83.0+11 72.8+ 1.6 80.5+4.9
PFHpS 110.1+5.8 103.7+4.8 119.8 £ 6.0 97.7+11 94.7+17.3 108.6 +5.1
PFOS 124.6 £ 8.5 948 £5.0 86.9£6.0 102.8 + 24 98.1 £6.1 79.8+£5.0
FOSA-I 78.1+£5.5 80.2+8.3 76.7 £ 6.1 89.6 £ 6.8 98.6 £ 1.0 86.5+2.5
3.6-OPFHpA 81.4+£8.1 86.3 £6.3 95.0+4.2 782 +£3.7 76.8+5.1 79.4 +0.66
PF40PeA 1184 +5.7 104.8 +4.9 106.1 +£2.3 96.3 £6.3 80.0+4.4 81.0+2.8
PF5OHxA 93.1+£49 105.2+2.6 111.5+4.0 75.5+4.8 71.3+4.9 71425
ADONA 70.0 +£2.0 81.4+6.3 93.0+5.5 67.8+1.4 652+2.4 79.8+1.5
PFEESA 73.7+8.1 78.4+£6.4 95.0+£5.8 699 £ 1.1 67.7+£2.3 81.7+2.0
HFPO-DA 94.6 £ 10 90.1 +£4.0 96.0 £4.9 103.5+5.2 76.8+2.6 76.7+ 1.6
HFPO-TA 104.8 +4.7 72.8+6.2 85.7+8.1 952+5.5 104.1 +4.7 63.7+1.1
6:2 FTCA 115.8+3.7 89.9+9.4 1142 +4.2 101.5+9.3 86.7+5.4 102.6 £ 4.1
8:2 FTCA 100.3+2.4 107.3+12 109.0 + 4.8 933+£7.7 115.0+29 103.1+5.6
10:2 FTCA 126.0+4.2 79.6 £3.7 91.9+2.7 101.3+9.9 72.7+7.8 78.0+1.3
4:2 FTS 110.1 £20 102.0+ 7.0 84.5+54 98.4+9.5 100.7 £ 6.1 75.4+£2.4
6:2 FTS 97.7+17 99.8 £9.8 755+£53 106.3 + 11 93.2+7.0 73.5+0.15
8:2 FTS 69.9+3.8 1045+ 14 96.2+5.5 67.3+£3.8 101.4 +8.9 107.1+£0.19
6:2 CI-PFESA 117.4 £ 8.1 83.8+3.3 103.9+4.2 93.1£2.6 929+52 96.7+£2.2
8:2 CI-PFESA 82.5+8.6 101.2+2.1 111.1+4.3 100.8 + 2.1 98.7+4.9 99.4+2.6
OBS 88.0 + 13 89.1+4.6 81.0+6.7 99.6+9.4 97.7+6.6 79.0+£1.0
PFECHS 87.9+6.2 79.2+£2.1 112.1+ 6.6 71.5+6.1 73.5+£3.9 96.9 £2.1
6:2 diPAP 109.0+2.5 91.0+ 16 1139+ 16 112.4+5.1 924+7.1 115.1+£9.9
6:2/8:2 diPAP 101.0 £ 20 94.0+3.8 116.0+ 3.4 924+24 80.3+11 899+ 1.1
8:2 diPAP 121.5+54 798 £1.1 91411 111.3+6.4 109.5+ 11 92.8+3.6

“HIEEA XS PRI ZE . “Mean + RSD.

2.4 SCPRELHFE S PFASs 407

AR R A 3 E 0 SR AL, 5o IEEE H (S SELh AR ), I E Ol el ik
W) RN 30 5 (BT8R, e AR BE AT 4 oK AR B ORI R AR B . AN T 4 BOR, K AR R BRI AR R AR
PFASs Fit #¢ BE 1 2H )i 22 5+ 9 5. /K 2E B 1 SPFASs ¥ BF (42—304 ng-g™' dw) B & &5 TRl 2 B it
(4.7—19 ng-g' dw), iX 5 Koch FEU' fUHiRIA LS SR — 2, FLIE T PFASs 8 Bl 15 /K HERC R K PR HhEe,
A FF, kAR B R LIE G i PFCAs( Tl PFOA . PENA. PFDA #1 PEUnDA) il PFOS Jy 3=, ifij fili £k B2
BFEFRLUH A PFASs(4 6:2 FTS, OBS. 6:2 Fll 8:2 CI-PFESAs) iy 3= (M5 7E B A0 2, 7RG (1) i
Ik v e 5 H 7= ) PEASs 2 6:2 CI-PFESA, 15t/ 6:2 CI-PFESA 1E & PFOS #5405 76 36 B v g AT\ gl
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A, 548, 6:2 FTS ek A= B dUR P9 AR FE 34 55 T PFOS, 1ii OBS Fll HFPO-DA/TA 378 K43 B i
FE S (R T R ) H G 3156 I 3T A1 Dl 5k 6 AR AX 5 B e ve FR IR 32z A = N FH L 1T 6:2., 6:2/8:2 Al
8:2 diPAPs {75 U5 M 4y s i (R PR AG: HE , 156 I L8 FH e e TR R iR /)N

[ PEBA [[] PF40PeA
[] PFExA [C] PFSOHxA
[T PFHpA [[] HFPO-DA
I PFOA [C] HFPO-TA
Il PFNA ] 6:2FTS
[ rFDA [ oBS
P [ PFUnDA [[] 6:2 CI-PFESA
5 PFDoDA [T 8:2 CI-PFESA
(1) PFBS [ Fosa-1
|. I[ PFPeS = 6:2 diPAP
PFHxS 6:2/8:2 diPAP
8 h(2) I:'] [ PFHpS B 52 gipaP
Il Pros '
s [

v | s | T N
1 1 1 l/// ]
0 20 40 60 80

1
290 310

Concentration of PFASs/(ng-g™! dw)

B 4 kA FflicE B SR P PRASs 1975 42K F (ng g dw)
Fig.4 Concentrations and profiles of detected PFASs in aquatic and terrestrial insects

FE Tl e DX R A (R 5 IE (1) IS 8E (2) FPSPFASs e 431 47 68 ng-g ™' dw 1304 ng-g ™! dw, 5 /N4
T [ BRALI T U SR 42 110 et M A PN Ve A 4 (180 ngrg ' ww) ™), 78 1y F 1 Al R 52 15 Y X35 114 i I
7 F #47 PFASs (9 ¥ £ (0.17—21 ng-g™ ww) ™, HJ2 AR T Ji 52 42 HIBL 3% T il SR 42 1 I I o
PFASs ¥ & (120—3500 ng g™ dw) UL 177 78 1L 7R B2 HL T 3 1) K 1 55 W8 &) B P SPFASs R (42 ng-g™!
dw) 5 1H 58 JE W R 45 19 5 B &)y de pis Y KA 24 (6.1—24 ng-g ' ww) UL X Bl Az B e, gl op
YPFASs ) 5 5 19 ng-g ™ dw, HR R H (8.3 £ 0.65) ng-g ™' dw) A1 (6.6 ng-g ' dw) , BRI I
JERAR (4.7 ng g dw), X AT RES AR PR S5C, Mt Dy e e Pk B, i At 3 Ml A B RN A R PR R IR
G35k, WU A PFASS B BE I 25 T PRAE 5 - H- b M DX A FH b R 2 A 0 o rh PFASs BOMREE (3.7 +
1.8) ng-g™ dw) "L 3f T H A fli A B AL, H FTIfoAR UL EIAH G PFASs HYiIA.

3 %512 (Conclusion)

AW EE S, T —45 QuEChERS 4545 8 i RO AH (0,33 - s B 5T 3i 16 DN B SRR PN 1Y 35 7 A R
R PFASs, HAT P S8, (HHE . 2807 . WERR SR . SR 2 7 ¥ 0 SEBR R HURE b A 7004, S5 SRR
KAz B HUHf PFASs Mk (42—304 ng-g ' dw) Bl & & TRl ZE R U (4.7—19 ng-g ' dw). fifi: 2 HL PFASs
B 2H % LB B PRASs o 5, B2 2 6:2 FTS. 6:2 CI-PFESA H1 OBS; 1 7k 4= B H ) LA £ 58 PFASs h &,
{1 PFOA . PFNA, PFDA . PFUnDA £l PFOS.
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